The pipeline for macro-and microarray analyses (PMmA) is a set of scripts with a web interface developed to analyze DNA array data generated by array image quantification software. PMmA is designed for use with single-or double-color array data and to work as a pipeline in five classes (data format, normalization, data analysis, clustering, and array maps). It can also be used as a plugin in the BioArray Software Environment, an open-source database for array analysis, or used in a local version of the web service. All scripts in PMmA were developed in the PERL programming language and statistical analysis functions were implemented in the R statistical language. Consequently, our package is a platform-independent software. Our algorithms can correctly select almost 90% of the differentially expressed genes, showing a superior performance compared to other methods of analysis. The pipeline software has been applied to 1536 expressed sequence tags macroarray public data of sugarcane exposed to cold for 3 to 48 h. PMmA identified thirty cold-responsive genes previously unidentified in this public dataset. Fourteen genes were up-regulated, two had a variable expression and the other fourteen were down-regulated in the treatments. These new findings certainly were a consequence of using a superior statistical analysis approach, since the original study did not take into account the dependence of data variability on the average signal intensity of each gene. The web interface, supplementary information, and the package source code are available, free, to non-commercial users at
• Intensity-dependent selection of expression ratios
Expressed sequence tags (ESTs) have provided insights into transcribed genes in a variety of organisms and are widely used for gene discovery and expression analysis. DNA arrays have been used to study gene expression patterns on a genomic scale because they allow the simultaneous analysis of thousands of genes. DNA arrays consist of sets of probes, such as oligonucleotides or ESTs, that are arranged in an orderly manner on a surface and are hybridized with cDNA obtained from different individuals, tissues or physiological states. The signal obtained from each sample is a bona fide indicator of the amount of RNA in the cells, thus allowing the identification of genes with significant changes in their expression. Arrays can be constructed using either a hand-held or a R. Vicentini and M. Menossi www.bjournal.com.br robotically controlled arraying pin tool. Each spot in the array has a specific address and represents an oligonucleotide or EST. Often the arrays may be constructed with technical replicates, where the same sequence is fixed in different spots. Surfaces such as glass (microarrays) (1) or nylon (macroarrays) (2) are ideal for arrays since nucleic acid can be immobilized, hybridized, and detected using the standard techniques of molecular biology.
However, because of the characteristic noise of array data and the usually limited number of experimental replicates, the selection of differentially expressed genes is not easily determined (3). This is especially the case in macroarray experiments (4) , where the requirement for larger amounts of RNA can be a limiting factor in the number of replicates, and each labeled cDNA sample is hybridized to a different nylon membrane, thereby increasing the data variability (in contrast to microarrays, in which two samples labeled with different dyes are hybridized on the same slide).
The large amount of data obtained in these experiments makes the visualization and analysis of the results challenging. We have developed a suite of interactive scripts (pipeline for macro-and microarray analyses, PMmA) that can be used as a pipeline to manage and to analyze data from macro-and microarrays. PMmA works with data generated by several types of image analysis software, has a web interface, and can be used with a plug-in in the BioArray Software Environment (BASE), an open-source database (5). All modules in normalization, clustering and data analysis classes have plugins for installation in BASE. This make it easy for BASE users to run all analyses provided by PMmA.
An important aspect of PMmA is its flexibility in handling data from spotted singlecolor arrays, such as filter arrays (macroarrays). There are only a few free tools available for this technique (6), which is cheaper than microarrays and is easier to implement in molecular biology laboratories.
All scripts in PMmA were developed in the PERL programming language (7) and statistical analysis functions were implemented as scripts in the R statistical language (8) . PERL and R are freely available under the GNU General Public License and can be used on a wide variety of platforms. Consequently, our package is a platformindependent software because it will run in Linux, Windows and MacOS, and has low hardware requirements (the minimum computer free space required is 2 MB). The user can also build a local version of the web service, although he will need a web server with CGI allowed, and PERL and R language locally installed. For an optional interface with BASE, a local installation of this database is necessary. The basic steps for PMmA installation -the edition of a configuration file and the configuration of the web server to use the package -can be followed by any user with basic concepts in informatics.
The PMmA package consists of ten modules that work in a web interface to provide easier access to the main computational environment. The input data converter is flexible and can use data from any image quantification software that generates tab-delimited data and information on the volume (pixel intensity in the spot area) and background. The data normalization feature adjusts several effects of DNA array techniques and allows direct comparison of the data, thus compensating for variations between cDNA labeling, hybridization, and so on. The value used to normalize the data can be the median or average spot intensity, or a value selected by the user, such as the array global background. Flags with different meanings are generated by the module Arrayflags that can also combine the result with a map of spots in the array, thereby providing the user with a more complete output. These flags are calculated when spot Pipeline for macro-and microarray analyses www.bjournal.com.br and background intensities are closer or when there is wide variation between intensity of replicate spots. The plot tool easily generates MA-plots, MS-plots and scatterplots using the normalized data. For experiments with three or more replicates, the Student ttest can be used to identify genes that are upor down-regulated by a given treatment, whereas when little or no replication of array hybridizations is available, intensity-dependent selection of expression ratios (ISER) can be used. In fact, ISER is designed to deal with data from single-replicated experiments, but can also be used when more samples are compared or replicates are present (9) . In this case, the algorithm is applied separately to the comparison of each pair of samples and to each replicate, thus selecting genes that, for any pair of samples, are identified as differentially expressed in all replicates or in a large (pre-defined) proportion of them. The results of ISER or the Student t-test can also be grouped into a more legible form that shows the percentage of genes that are up-or down-regulated in each experiment. Finally, the output data may be clustered using hierarchical clustering or self-organizing map algorithms. The pipeline kernel design is shown in Figure 1 .
To show this scripts in action we used the PMmA to analyze 1536 ESTs of sugarcane exposed to cold for 3 to 48 h with control in 0 h (10) . These data are taken from the Gene Expression Omnibus public database (11) under accession numbers GPL210 (platform), GSE83 and GSE84 (series), and GSM2431 to GSM2442 (samples). These data consist of a set of two high-density filters, each filter containing 768 ESTs in replicate, hybridized with a probe of cold treatment (0, 3, 6, 12, 24, and 48 h at 4ºC). Figure 2 shows the pipeline's graphic output for the comparison of 3-h (Data 1) versus 12-h (Data 2) cold treatment in the second filter.
We noted that PMmA identified 61 clones with low-quality spots, which were excluded from analysis. Thirty cold-responsive genes that were not previously identified by the authors were found in our analysis. Fourteen were up-regulated, two had a variable expression and the other fourteen were downregulated in the treatments. These genes complemented the original results of Nogueira et al. (10) , providing further characterization of the response of sugarcane to low temperatures, and their identification was certainly a consequence of using different statistical analysis approaches. In the original study, data analysis consisted of calculating the expression ratios (treatment/control) and their logarithms for each time point and each replicate. Then, since these log ratios were assumed to be normally distributed, their mean and standard deviation were calculated and the genes that showed a log ratio more than 1.65 standard deviations distant from the mean and a ratio ≥2 (respectively ≤0.5 for repressed genes) in both replicates were considered to be differentially expressed. This approach does not consider the dependence of data variability on the average signal intensity of each gene and therefore it may select more false-positive genes than ISER.
PMmA is available free and is a fully integrated tool that will facilitate the analysis of data from DNA arrays. Besides being integrated with BASE, an open-source database for DNA array analysis, PMmA normalizes the data, generates information about variations in expression, identifies up-or down-regulated genes using the Student ttest and a new intensity-dependent algo- rithm developed by our group (ISER) (9) , and generates scatter plots, MA-plots, MSplots, hierarchical clustering (12) , and selforganizing maps (13) . The use of the ISER algorithm can correctly select almost 90% of the differentially expressed genes. It is more sensitive to intensity-dependent bias in the data, thus showing a superior performance compared to the other methods of analysis, and was unaffected by the normalization adopted. Additional new methods of analysis will be included in future versions of PMmA, mainly the SAM method (14) . This method is clearly better than the t-test. The fundamental problem with the t-test for array experiments is that the repetition numbers are often small. In this case the problem is to obtain accurate estimates of the standard deviation of individual gene measurements based on only a few measurements. PMmA is particularly useful for the community that uses cDNA arrays. This package will help small labs with no access to a bioinformatic center to perform modern computational analyses of genetic data.
